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論文内容要約 
This thesis contributes to the robotics field through the design of a robot for physical human-robot interaction (pHRI) which is 
controlled for guiding a human within Waltz dance motions in a whole-body contact. Through the designed and constructed 
robot, the idea of robot guiding and supporting the human skill learning process is presented in a dance training framework, so 
that, the robot acts as a teacher in this process. Physically interacting with a human partner for guiding him/her in the dance, 
while simultaneously assessing their ability level and adapting its response for enhancing the skill learning acquisition. This 
document presents the design, construction, control and evaluation of the roboDANTE, in human interactions. Likewise, a 
teaching methodology for guiding physically in the context of Waltz dance training is presented through the concept of 
progressive teaching. Making this robot a unique example of robot lead interactions in close contact with humans. 
 
Formerly, human-robot cooperative tasks have been widely researched for achieving high-level assistive robots capable of 
predicting and supporting humans in daily life activities, such as carrying heavy objects, handling tools and supporting in 
walking. However, giving a robot the role of fully guiding a human, moreover, while teaching in a motor skill learning process 
is a new approach to human-robot interactions with whole body contact, which opens the horizon of robotics application to 
close contact activities. 
 
The present study focused on a framework with clearly defined rules and limits for the robot to guide the human partner. 
Consequently, Waltz dance was selected as contextual example for teaching with the robot guide because it provides a 
well-structured interaction with predefined set of motions, transition rules in the combination of steps and a role assignment 
between the dyad. In particular, the latter condition provides an advantage for socially setting the robot above the human with 
an agreement of leading/following roles decided beforehand. Furthermore, this dance allows us to test robot teaching from 
basic dance figures to advance motions. 
Initially, design and construction of the robot is presented for achieving a research platform as described above. Analyzing the 
human body motions while dancing through a motion capture system and designing the structure with a minimal number of 
degrees of freedom (DOF) that would perform a human-like motion in the waltz dance. The robot was arranged as a 
human-sized mobile humanoid robot with 3 DOF in the lower body formed by displacement of the body on x and y axis and a 
rotation around the z axis; and 4 DOF in the upper body composed by a translation over the z axis, a rotation around the z axis 
of the hips, a rotation of the clavicle center, and a rotation of the shoulders around the notch. 
In this design process, a multi-objective optimization was used for ensuring a stable motion during interactions (no tip-over of 
the robot) and a comfortable human-like structure that would allow the movements of the human partner. 
 
Subsequently, a method of conveying the robot’s intention of motion is presented. From analysis of the captured dancer’s data 
while performing Waltz figures, a cueing motion of the center of mass (COM), which was utilized for conveying the motion 
intentions during the dance was observed. The data showed that the COM height was synchronized with directional changes 
during the Walt figures. As well, a similar motion was observed in the transition between figures. Consequently, it was 
hypothesized that the robot could convey its motion intention in the same way by varying its COM height, elevating the human 
partner’s COM and making him/her more susceptible to any robot force at such pose. 
The proposed guidance through an unstable equilibrium point (G-UEP) was tested under directional changes in the dance 
through a user-based study with10 subjects. The results showed a 20% more understanding when the G-UEP method was used, 
compared with the robot guiding motions in a pure force based interaction method. Furthermore, required force for conveying 
the robot's motion intention exhibited an average reduction of 10 N compared with the pure force control. 
 
Furthermore, an approach for supporting the skill learning process in dance is proposed through physical and cognitive 
guidance in the pHRI. Based on a progressive teaching (PT) methodology, the robot first assesses the partner’s skill compared 
with the level of development in the skill acquisition. Subsequently, the robot adjusts its support based on those assessment 
results, thus, the robot adapts its interaction control for guiding with the required forces proportionally to an estimation of the 
partner's ability and its desired state of progress. That is, assuming a correlation of the count of practices with the state of 
development on the skill the robot would gradually increase the difficulty on the task for enhancing the skill formation. 
On the low-level control this is reflected in variations of the robot’s impedance parameters, decreasing the robot’s damping as 
the human partner improves its skill, and increasing the damping in case the human performance decreases. 
The interaction controller based on the PT methodology has been successfully used by multiple novice dancers in learning 
basic Waltz figures. A comparative user-study of the PT adaptive control and a reference controller with constant dynamics in 
the interactions presented significant difference in the learning rate with faster improvement in motions for the initial stage of 
the skill acquisition, as well as, in the human perceptions of comfort, peace of mind, and performance during interactions with 
the robot, with the higher rating always favoring the PT training. 
This proposal integrates physical and cognitive support in the skill learning through the direct adjustment of the robot dynamics 
in the low-level control and constant feedback of performance to the human partner for enhancing the internal model formation. 
Therefore, establishing a teaching mechanism and controller for physically interacting with humans while considering the 
needs in the skill learning process. 
 
Furthermore, a proposal for evaluating the human understanding of the robot's conveyed motion intention is presented through 
the concept of harmony. Here defined as the level of synchrony between the robot, the human and an attuning reference, the 
later used to enhance the synchrony between the dyad. In the case of dance the music acts as such reference. However, in the 
training scenario a voice-over command counting the rhythm is used for easier understanding.  
The harmony level is proposed as a probability based on experts' evaluation of dance interactions with the robot, using 
extracted significant features in the haptic interactions from force and motion data. 
This estimation presents a useful measure for further improvement of the robot's dynamic response to new partners and faster 
adjusting of the control parameters in order to initiate the teaching process in a more accurate way to the unique compliance 
characteristics of each human partner. 
 
Concluding, this dissertation advances the field of physical human-robot interactions through the development of a robot that 
could guide humans in close contact interactions within a dance training framework. Moreover, an interaction methodology for 
enhancing the skill learning process in dance was introduced through a cognitive and physical adapting interaction. As well, a 
measure of the level of synchrony was presented and evaluated by expert dancers. Finally, the robot's motion intention 
conveyance was developed through a guidance method based on the unstable equilibrium point (G-UEP), nevertheless, its 
extension to other DOF remains an open question that could be addressed by the proposed harmony level estimation in 
combination with specific guidance forces profiles for transmitting the robot’s intentions in accordance to the type of motion. 
